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ABSTRACT 
Citizen science projects have demonstrated the advantages 
of people with limited relevant prior knowledge 
participating in research. However, there is a difference 
between engaging the general public in a scientific project 
and entering an established expert community to conduct 
research.  This paper describes our ongoing acoustic 
biodiversity monitoring collaborations with the bird 
watching community. We report on findings gathered over 
six years from participation in bird walks, observing 
conservation efforts, and records of personal activities of 
experienced birders. We offer an empirical study into 
extending existing protocols through in-context 
collaborative design involving scientists and domain 
experts. 
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INTRODUCTION 
In this paper, we report observations and lessons on the 
design of extensions to established biodiversity monitoring 
protocols. This is achieved through the collaboration of 
scientists specializing in ecoacoustics with experts who 
have significant knowledge in the domain of conservation 
and bird watching. This is within the spirit of participatory 
design attending to designs creating power and agency for 
people, rather than treating people as users who will 
receive designs without question (Bødker, Kensing, & 
Simonsen, 2004). This paper draws upon our research 
group’s more than six years of experience collaborating 
with individuals and conservation groups. A biodiversity 
monitoring protocol is an established set of steps that is 
repeatable. A protocol may form organically within a 
community to promote a shared language, or be adopted 
by an organization in order to standardize environmental 
records. 
The focus is on collaboration between researchers and 
people who watch birds in their natural habitat for 
recreation as a central life interest that is not work. This 
‘serious leisure’ provides personal and social rewards 
through pleasant experiences in voluntary activities, within 
a community that values accomplishments in the pastime. 
Experience, skills, and knowledge can be gained that may 
not be available or respected in a work environment 
(Stebbins, 2001).  
Citizen science projects have demonstrated the potential 
for people lacking a relevant scientific background to 
contribute to scientific inquiry (Raddick et al., 2010). Our 
research group develops web-based tools and systems, 
supported by design practices, for monitoring biodiversity 
using acoustic sensors. Acoustic sensors are a recognized 
and cost effective way to monitor faunal biodiversity. 
Recorded audio offers an objective, durable record of an 
environment, which can be analyzed independently 
multiple times (Wimmer, Towsey, Planitz, Williamson, & 
Roe, 2012). It can provide valuable insights into the 
environment, including estimates of biodiversity and 
relative levels of anthropogenic and natural acoustic 
activity (Pijanowski, Farina, Gage, Dumyahn, & Krause, 
2011). The large amounts of data captured by sensors 
provides a “ground truth” base. However, even though new 
tools and systems offer the power to capture more data, 
human collaboration, analysis and stewardship are 
required to extract useful information. 
Rost, Barkhuus, Cramer, and Brown (2013) identify the 
challenges in acquiring data and determining where it 
comes from – they emphasize that “with the recent turn to 
‘big data’, understanding the conditions of the production 
of data has been downplayed, seen as an issue of ‘data 
cleaning’, rather than an inherent feature of records of 
activity.” Citizen scientists can be revealed and recognized 
by a project. This is in contrast to projects that use data 
captured by large instruments. An appreciation of the 
social context and decisions made by people involved is 
important. Engagement and reciprocity are central in 
addressing power relations between researchers and 
birders (Brereton, Roe, Schroeter, & Hong, 2014). 
This paper contributes an exploration of collaborative 
design of protocols, when entering an established expert 
community to conduct research. We are designing 
extensions to existing processes, not creating new designs: 
the protocols arose over time from community practices 
and needs. We are building on the existing knowledge and 
experience gained through regular use of the protocols. 
The key questions are how to (a) adapt scientific research 
methods to community expectations; (b) develop 
collaborations that provide benefits to both researchers and 
expert communities. Although the large amounts of data 
collected suggest “data-driven” research projects, 
leadership from the community is vital. The data does not 
stand apart from the context of the people planning data 
collection, analyzing, interpreting and validating it. 
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METHODOLOGY 
Our work embraces “participatory design [that] relies on 
partnership with participants, in which participants bring 
essential knowledge of their own context and culture, 
while designers bring technical and design facilitation 
skills creating opportunities for mutual learning and 
development (Brereton, Roe, & Hong, 2012)”.  
Biodiversity monitoring begins with the identification of 
an at-risk region or area of ecological interest. For 
example, targeting a specific species or evaluating the 
effectiveness of re-vegetation efforts. A range of methods, 
including acoustic sensing, may be employed to gather 
data about the target location. Scientific inquiry arises 
through elaboration of specific ecological goals together 
with information extracted from observations (Kennedy, 
Balasubramanian, & Crosse, 2009). For acoustic 
monitoring, the process involves a description of the 
purpose of the monitoring, device preparation and 
placement, data collection, analysis, and subsequent use by 
ecologists. 
The primary methods used for this paper were observation 
of birder activities, participation in seven bird walks, 
informal discussion, five formal interviews, and reflection 
on the research group’s experiences with deploying 
acoustic sensors. This multi-method, in-the-wild approach 
was adopted in part because it enabled us as researchers to 
participate respectfully in birder communities, along the 
lines of what Winschiers-Theophilus, Chivuno-Kuria, 
Kapuire, Bidwell, and Blake (2010) describe as “being 
participated”. Our work can be seen as a refinement of the 
highly participatory system collaboratively developed by 
small municipalities and researchers described by Pape 
and Thoresen (1987). 
There are two parallel threads of research that were 
interleaved: involvement in bird watching and 
conservation activities, and iterative development of a 
website which provides audio playback, visualisation, and 
navigation. The website was initially built to manage our 
collection of audio recordings; it has evolved based on the 
suggestions and insights from birders along with our 
research goals. 
RESULTS 
The key output of this research is the exploration of 
collaborative extension. We define this to be more than one 
person or group working together to augment or add to 
existing shared objects or practices. This is supported by 
findings from key phases of acoustic biodiversity 
monitoring. Data collection is about understanding how to 
effectively deploy audio recorders in the environment. 
Recorded audio must be presented in ways that non-
technical people can interpret and analyze. Ongoing 
collaboration is needed to manage and validate the results 
of analysis. 
Interactions 
There are many aspects of the interactions between 
scientists and domain experts to consider. Power dynamics 
between researchers and birders were very dependent on 
the physical location and topic of discussion. On bird 
walks and while discussing fauna and ecology, domain 
experts lead the way. When considering the length of time 
to deploy sensors or elaborate technical implementations, 
the researchers were more knowledgeable.  
The primary collaboration mechanism was informal 
discussion both in-person and via email. Considered and 
impulse suggestions from birders were encouraged 
through on-going constructive discussions. The merits for 
birders and researchers were given equal weight in 
deciding software development directions and protocol 
modification. This was ensured through in-person contact 
at least once a month, along with regular updates from 
birders via email. The research group strove to demonstrate 
appreciation for birders’ experience and efforts by always 
being courteous and seriously considering any 
suggestions. New features were often sketched out and 
evaluated by researchers under the in-person direction of 
birders.  
A number of unexpected uses developed, many resulting 
in changes to the web-based tools and research plans. 
Sharing between traditional knowledge silos was a natural 
outcome of the collaborations, particularly around 
justifying decisions and establishing legitimacy for taking 
control of certain aspects of the biodiversity monitoring 
workflow. There are inherent differences in domain 
experts compared to the usual participants in citizen 
science projects. These differences included high levels of 
local and specialized expertise, greater willingness to 
accept responsibility, individual nuances in origin of 
motivation, incentives and rewards, and perceived merits 
of research projects. 
Collaborative Protocol Implementation  
Birders have extensive knowledge of the behaviors and 
likely locations to find particular birds. They do not have 
the knowledge of the recording devices to decide where 
best to place them. Researchers have extensive experience 
and knowledge of the functionality of recording devices 
(Figure 1), but do not know the likely places to find 
particular birds or the best seasons and times to go looking. 
In a case of ‘not knowing what we did not know’, early 
recording device deployments occasionally had only 
limited success in achieving the ecological aims of the 
project. This was due to incomplete information about the 
target species or area, and not enough information 
provided by researchers about the limits and practicalities 
of recording devices. 
 
Figure 1. A deployed recording device attached to a tree. 
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Specifying the protocols for maintaining or retrieving 
recording devices is dependent on physical access to the 
location. When planning a project that is difficult to access 
or requires significant travel time, the approximate future 
dates for changing the storage cards and batteries must be 
detailed in advance. The protocol to follow if batteries or 
storage space are depleted without being replaced also 
needs to be specified in the planning stage, as gaps in data 
may affect the project’s results. Many of these planning 
and implementation tasks may be done by birders, which 
means we as researchers must communicate our needs, and 
respond seriously to concerns raised. 
The setup and maintenance of recording devices needs to 
be handled carefully. Information about the actual 
procedure followed must be noted or obtained from asking 
questions afterwards – placement protocols and the 
rationale for collection do not replace details of the actual 
activity. Contextual details found in one person’s small 
contribution to big data collection may reveal much to 
guide inquiry and discovery. This highlights that even with 
big data there is located accountability (Suchman, 2002). 
Evolving Data Interpretation and Analysis Tools 
The majority of participants have no background 
knowledge, nor desire to learn about, the properties of 
sound. It is therefore crucial to provide tools that allow 
audio and the visualizations created from audio to be easily 
understood and used. The analysis tools have been 
iteratively developed in league with birders and ecologists 
to use familiar concepts and actions to attach annotations 
to audio. At first, this was simply analogous to a paint 
program: use the cursor to draw a rectangle around the 
section of spectrogram to be labelled (Figure 2), with the 
associated audio available for playback. Participant 
feedback expanded this to add additional concepts from 
graphical audio players, for example the ability to seek to 
any point in the currently loaded audio and spectrogram. 
This feedback was often received outside the context of the 
website – during bird walks, travelling to deploy recording 
devices, or planning discussions. Part of the reason for this 
was the free-ranging exploration of ideas for additional 
benefits that could come from the collection of acoustic 
data. 
Annotations attached to spectrograms are the result of 
analysis, and the key dataset and output from our research 
group. After an annotation is created, it may be used as 
input for automated or manual analyses, serve as an 
exemplar for a particular species’ vocalization, or be 
subject to verification. Birders using the website are 
particularly keen to share annotations they find interesting, 
out-of-place, or clear. Discussion between the various 
people involved in a project is enabled through direct links 
to exact points within audio and a library of annotations. 
These features were evolved through verbal and written 
communications between birders and researchers to aid 
birders to resolve differences of opinion over bird 
identifications; verify the identity of uncommon or 
unexpected sounds; share their work among birding 
organizations; and demonstrate their strategy for detecting 
and identifying bird vocalizations to other birders. Birders’ 
experience and knowledge can be divided into two loose 
groups: comprehensive knowledge of bird species within 
spatial and temporal bounds, and specialised knowledge of 
a single species or a small group of related species. In 
either case, birders can drill down into minute detail in 
their area of expertise. These two groups can contribute in 
different ways to biodiversity monitoring projects. 
Annotation Management and Validation 
Birders have collaborative and competitive tendencies. 
Collaboration is promoted for sharing discoveries of 
changed species compositions around local patches and 
documenting trends over time in significant environments. 
Competition becomes a prime motivation during official 
bird list championships. Being the first to observe a rare 
species or species in an unusual location can drive birders 
to invest large amounts of time and money. 
The results of environmental monitoring projects are an 
aggregate of many individuals’ input, which forms the 
basis of organic validation of annotations. This is similar 
to the way birders validate lists of sightings through in-the-
field discussion (Figure 3) and web-based observation 
repositories like eBird. Participants may also be 
enthusiastic to indicate their expertise through a broad 
range of species annotations, listening to data from 
difficult to access locations, or skill at identifying obscured 
vocalisations. 
A clear path for embracing existing patterns of 
participation is to mirror these patterns in a website. 
Virtual birding is one approach our research group is 
exploring, where participants collaborate to identify birds 
during a virtual bird walk to a number of recording sites 
 
Figure 2. Spectrogram with existing annotations and a 
new annotation being created (highlighted) 
 
Figure 3. Observing birds and confirming observations. 
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(Cottman-Fields, Brereton, & Roe, 2013). This is a direct 
extension of the practices birders are already following. 
The web-based analysis tools and annotation library can be 
seen to form “boundary objects,” as developed by Star and 
Griesemer (1989) in their work on bird and mammal 
classification. The annotation library is a repository that 
can be used for varied purposes. Coincident boundaries are 
found in the ‘project’ and ‘site’ organisational groupings. 
DISCUSSION 
There is tension between the need for adherence to data 
collection protocols during the analysis process and the 
motivations for participation in scientific research. A love 
of birds and nature does not necessarily translate to 
following device deployment instructions and 
understanding spectrograms. However, there is overlap in 
the overall purpose for scientific research and birders’ 
motivations. The voluntary participation of interested 
people and conservation groups is one of the most practical 
methods of sustainably monitoring the environment 
(Tulloch, Possingham, Joseph, Szabo, & Martin, 2013). 
Tulloch et al describe two basic types of protocols for 
monitoring projects: (a) time-restricted surveys with set 
periods contributed by volunteers; (b) on-going 
observation for environmental management goals that 
usually requires more coordination.  
Participants have very little inherent incentive to 
participate in citizen science projects designed for 
laypeople. Acoustic data collection and analysis on the 
other hand offers specific benefits for domain experts that 
cannot be found in traditional birding, such as access to 
difficult to reach locations and the ability to listen to 
sounds from any time of day. Knowledge that the process 
from initial motivation to final data export is well-
established and inclusive means it is more likely for a 
research project to be successful (Rotman et al., 2012). 
Particularly for annotations on audio and interactions 
supporting interpretations and sharing opinions. 
CONCLUSION 
This paper presents a textured account of the details of 
interacting with large environmental datasets, in order to 
reveal the importance of the local knowledge and 
collaboration in the quality of the resulting data. It is an 
empirical study into extending existing protocols through 
collaborative design among scientists and domain experts. 
Looking to extend an existing community’s protocols is 
different to creating a community through inviting people. 
Our experiences indicate that it is important that 
researchers participate in the existing community and 
respect the established processes. There may not have been 
explicit design work towards developing the practices; 
however, the protocols that exist capture knowledge and 
experience that may be difficult to otherwise identify.  
Scientists and domain experts can benefit from extending 
established protocols rather than designing new processes. 
A solid foundation allows for developing incremental 
designs and encourages practical and genuinely new 
directions to emerge. It serves to remind us that 
collaborative and participatory design remains important 
in gathering and analysis of big data. 
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